CONTEXT AND OBJECTIVE: Although there is a close relationship between swallowing and breathing, there are no studies evaluating the radiographic anatomy of the airway and its possible correlation with the radiographic position of the hyoid bone. The aim of this study was to evaluate the possible correlation of the radiographic position of the hyoid bone and airway space (PAS) in lateral radiographs on children with atypical deglutition, in comparison with those with normal swallowing. DESIGN AND SETTING: Cross-sectional analytical study with control group in a public university. METHODS: Using cephalometric analysis on lateral teleradiographs, the distance from the hyoid bone to the mandibular plane (MP-H) and the distance from the hyoid bone to the tuber (T-H) were correlated with the PAS measurement (airway) in two groups: 55 teleradiographs in the experimental group (with atypical deglutition) and 55 teleradiographs in the control group (normal deglutition). Both groups included subjects at the mixed dentition stage. RESULTS: The variable T-H presented a statistically significant correlation with PAS (0.0286) and the variable MP-H had a significant correlation with the variable PAS (0.0053). This positive correlation was significant only in the control group and not in the group with atypical swallowing. CONCLUSIONS: There was a positive correlation between the MP-H and PAS measurements and between the T-H and PAS measurements only in the group with normal swallowing. These correlations were not observed in the group with atypical swallowing.
INTRODUCTION
Although swallowing is the first function to be established in the stomatognathic system, it is the last process to mature, because while the bone structures are growing and the dentition has not yet erupted, the tongue cannot acquire mature positioning and movement. Only when the child is around two years of age can an inconstant swallowing pattern that is transitional to the mature pattern (known as somatic swallowing) be expected, with the tongue at the limits of the dental arcade, the soft tissues more adjusted and the lips sealed. A visceral form of swallowing can persist well beyond the fourth year of life. However, it is then considered to be a dysfunction or abnormality because of its association with certain dental malocclusions and facial growing abnormalities.
1,2 Such deglutition is classified as atypical. [3] [4] [5] Recent studies have investigated the swallowing pattern in relation to child development and have concluded that atypical swallowing is present in half of the children examined at the age of three years, but changes significantly after the age of six years.
Nevertheless, atypical swallowing is still present in 25 percent at the age of 12 years. 4 The movements of the tongue during swallowing may be clinically assessed by asking the child to swallow liquids, semi-solids or solids, or even only saliva, to observe the protrusion of the tongue with the lips half-open or, if necessary, with lips opened with the fingers (forced opening method). 1, 3 By placing the hands on the masseters, it is possible to observe the presence or absence of contraction and to observe the ascendant movement of the hyoid bone under the thyroid cartilage. The participation of the perioral muscles is also observed, as well as whether the swallowing is loud, whether there is any retraction movement with the head, or whether any sign characterizing childlike swallowing is present. 1, [3] [4] [5] For a variety of reasons that so far remain incompletely explained, "infantile swallowing" may continue beyond the replacement of the deciduous teeth. Atypical deglutition has been attributed to sucking without nutritive purposes, use of feeding bottles, oral respiration, abnormalities of the central nervous system and anatomical abnormalities. [5] [6] [7] However, there is no consensus regarding the etiology of atypical deglutition.
8-10
Synchronization of sucking and swallowing is achieved through a close relationship between the muscles of the oral region, in order to generate suction pressure for opening and closing the mandible and for using the tongue for bolus formation and peristaltic transportation to the pharynx. 10 During oral feeding, mechanical respiration involves appropriate activation of the diaphragm, intercostal muscles and muscles of the upper airways from the nose to the glottis. 10 Among the likely anatomical abnormalities in cases of atypical deglutition is the positioning of the hyoid bone, since this is the origin or insertion point of several muscles relating to deglutition.
11-13
Recent studies have evaluated the airway space and hyoid bone position in mouth breathing and obstructive sleep apnea (OSA).
14-17
Although there is a close relationship between swallowing and breathing, there are no studies relating to the radiographic anatomy of the airway space in cases of atypical swallowing and its possible correlation with the radiographic position of the hyoid bone.
OBJECTIVE
The objective of this study was to evaluate the possible correlation between the radiographic position of the hyoid bone and the airway space on lateral radiographs in children with atypical deglutition, in comparison with those with normal swallowing.
METHODS
The research protocol for this study received unrestricted prior At a significance level of 0.05, 110 teleradiographs (i.e. 55 in each group) were required to achieve a test power of 0.10. After sample size estimation, the whole sample was selected using the same criteria as in the pilot study, as described above. All the lateral view teleradiographs selected for the present study were of dimensions 18 cm x 24 cm, and were obtained Lateral teleradiographs that did not provide a good view of the anatomical structures used in the cephalometric examination were excluded from the study sample. Patients with dental agenesis, congenital poor orofacial formation or orthodontic and/or functional orthopedic treatment prior to the study, and those for whom there were doubts and imprecision regarding the diagnosis of deglutition, were also excluded. Lack of unanimity among the examiners regarding the clinical diagnosis was also a factor for exclusion from the sample. The patients' skeletal pattern and any occurrences of malocclusion were not taken into consideration in this study.
The lateral teleradiographs from the experimental group and the control group were randomly put aside and numbered sequentially. The examiner performing the manual measurements was blinded to the patient data. The sequentially numbered teleradiographs were handed over to the examiner for the abovementioned standardized measurements to be made, and the results were recorded on a data-gathering instrument. To minimize systematic errors, the same examiner carried out data gathering on the whole sample on two occasions separated by a 20-day interval. After collection of radiographic data, age and sex data were added, along with whether atypical deglutition was present or not. On the other hand, all appropriate measures were taken to ensure confidentiality of the subjects' personal data. Only the initials were recorded on the data-gathering instrument. There was no way in which anyone other than the investigator would be able to identify the individual to whom each teleradiograph belonged.
To investigate possible linear associations (correlations) between the MP-H, T-H and PAS variables, Spearman's correlation analysis was performed. To investigate the intra-examiner consistency, the Wilcoxon test for related samples was used to detect possible differences between measurements obtained on two different occasions. The significance level used in the statistical tests was P = 0.05.
RESULTS
The whole study sample consisted of 110 teleradiographs in lateral view, from 52 female and 58 male subjects. Only four teleradiographs were discarded because of the exclusion criteria. The two groups were similar regarding gender distribution ( Table 1) .
The mean ages of the control group (normal swallowing) and the experimental group were 9.46 years and 10.05 years, respectively, without any significant difference between the groups ( Table 2) .
To investigate the intra-examiner consistency, the Wilcoxon test for related samples was used to detect possible differences between measurements obtained on two different occasions. However, no significant difference was found between these two measurements. The Mann-Whitney U test was used to compare the two groups regarding the cephalometric measurements. The average distance of the MP-H variable was 11.69 millimeters for the control group and 16.14 millimeters for the experimental group, with a statistically significant difference (P = 0.016) ( Table 3) . 8 The average distance of the T-H variable was 2.26 millimeters for the control group and -5.89 millimeters for the experimental group, with a significant difference (P < 0.001) ( Table 4) . 8 The average distance of the PAS variable was 7 mm in the experimental group and 10 mm in the control group, with a statistically significant difference (P < 0.001) ( Table 5) . 18 There were positive correlations between MP-H and PAS (P = 0.0053) and T-H and PAS (P = 0.0286), but these correlations were only observed in the control group ( Table 6) .
DISCUSSION
The study presented here shows that there was a significant difference in the radiographic size of the PAS measurement between the study groups, such that it was smaller in the group with atypical swallowing. There were also significant differences in the T-H and MP-H measurements, such that in the group with normal swallowing, the hyoid bone was radiographically closer to the mandibular plane and to the T line (tuber). In assessing the possibility of a correlation between the PAS and MP-H variables and between the PAS and T-H variables, it could be seen that there was a positive correlation in radiographic position between the hyoid bone and the PAS measurement only in the group with normal swallowing.
The PAS measurement has been described as the distance between the posterior and anterior parts of the pharynx, where the base of the tongue is located. 12, 18 This leads us to believe that the shortening of the airways in patients with atypical swallowing might cause changes in tongue positioning, which would lead to changes in the position of the hyoid bone.
Craniofacial abnormalities in children with respiratory obstruction have been studied over recent years. However, the absence of a direct relationship between the cause of respiratory obstruction and its effect on craniofacial growth has led to considerable controversy in the literature. [11] [12] [13] [14] [15] The most widely accepted theory is that tonsil hypertrophy, which leads to pharyngeal obstruction, causes mouth breathing 11 and changes in the child's way of positioning the orofacial muscles and mandible.
These changes, in turn, influence mastication, swallowing and phonation, and lead to occlusal and skeletal abnormalities.
11,16
The MP-H variable has been used in cephalometric studies in relation to obstructive sleep apnea and hypopnea syndrome (OSAHS). [13] [14] The data from these studies are similar to the results from our study, in that they show that in OSAHS, the hyoid bone is more distant from the mandibular plane, which was also observed in our study on atypical swallowing. This observation leads us to believe that the hyoid bone is perhaps related to maintaining and stabilizing the airway. We also believe that the Recent studies 7, 10 This radiographic study evaluated the relationships between known parameters, but these relationships were used in a novel manner, in that they were correlated with normal and abnormal deglutition. In addition to studying a normal group, this study also evaluated patients with atypical deglutition, which is a moderately prevalent clinical condition that can have an impact on orofacial, nutritional, esthetic and psychosocial development. 13 Since deglutition is a highly complex and coordinated function, it requires activation of many anatomical structures relating to the tongue. Insufficient functional stimulation of the stomatognathic system, especially the tongue, might be the main factor in persistence of childlike deglutition. 1 Therefore, because pediatricians are the first professionals to have contact with such children, they should always be aware of the degree of maturation of swallowing function and refer such children to a dentist when maxillary-mandibular changes are noticed.
CONCLUSION
There are positive correlations between the MP-H and PAS measurements and between the T-H and PAS measurements only in the group with normal swallowing. These correlations were not observed in the group with atypical swallowing.
